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©  Glycol  compositions  containing  an  ether  modified  silicone. 

Gellation  resistant  aqueous  glycol  and  glycol  ether  com- 
positions  useful  as  antifreeze  compositions  are  disclosed  con- 
taining  silicates  together  with  other  corrosion  inhibitors.  The 
silicates  are  added  to  the  glycol  compositions  after  the  other 
additives  have  been  added  and  after  the  composition  has 
been  adjusted  to  a  pH  range  of 7-12.  The  gellation  resistance  is 
obtained  or  enhanced  by  the  addition  of  an  effective  amount 
of  a  glycol  soluble  ether  modified  silicone  having  the  repeat- 
ing  units 

wherein  x  has  an  average  value  in  the  range  of from  1.8  to 
6.8 

y  has  an  average  value  in  the  range  of  from  1  to  4 
Z  has  the  formula 

where  n is 2 or  3 
m  has  an  average  value  such  that  the  average 

molecularweight  of the  polyoxyalkylene  chain 
is  in  the  range  of  from  100  to  400 

R  is  an  alkylene  chain  containing  2  to  4  carbon  atoms 
and 

R  1 is  a  hydrogen  atom  or an  alkyl  groups  containing  1 
to  4  carbon  atoms. 



The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  g e l l a t i o n  

r e s i s t a n t   a q u e o u s   g l y c o l   or  g l y c o l   e t h e r   c o m p o s i t i o n .  

A n t i f r e e z e   c o m p o s i t i o n s   c o n t a i n i n g   g l y c o l s  

and  v a r i o u s   c o r r o s i o n   i n h i b i t o r s   a r e   w e l l   known  i n   t h e  

p r i o r   a r t   as  i s   i l l u s t r a t e d   by  U . S .   p a t e n t s   3 , 2 8 2 , 8 4 6 ,  

d a t e d   N o v e m b e r   1,  1 9 6 6 ,   and  3 , 3 6 2 , 9 1 0   d a t e d   J a n u a r y   9 ,  

1 9 6 8 .   The  u se   of   t h e   r e l a t i v e l y   i n e x p e n s i v e   a n d  

e f f e c t i v e   b o r a x   and  s i l i c a t e s   i n   g l y c o l   f o r m u l a t i o n s   i s  

w e l l   i l l u s t r a t e d   by  t h e s e   p a t e n t s .   I t   i s   c o n v e n t i o n a l  

i n   t h i s   a r t   to  make  a  g l y c o l   c o n c e n t r a t e   w h i c h   i s   t h e n  

s o l d   to   end   u s e r s   f o r   u s e   as  a  c o o l a n t   i n   a u t o m o t i v e  

r a d i a t o r s   and  t h e   l i k e   a f t e r   d i l u t i o n   w i t h   w a t e r .  

In  t h e   p a s t ,   i t   ha s   b e e n   f o u n d   t h a t   g l y c o l  

c o n c e n t r a t e s   p r e p a r e d   u s i n g   c o n v e n t i o n a l   c o r r o s i o n  

i n h i b i t o r s   s u c h   as  b o r a x   and  s i l i c a t e s   had  a  t e n d e n c y  

to   d e v e l o p   i r r e v e r s i b l e   s i l i c a t e   g e l s   upon  s t a n d i n g   f o r  

a  p e r i o d   of  t i m e   in   a  w a r e h o u s e   or  s t o r e .   The  e n d  

u s e r ,   when  he  a t t e m p t e d   to  p o u r   t h e   g l y c o l   c o n c e n t r a t e  

i n t o   h i s   a u t o m o t i v e   r a d i a t o r   f o u n d   t h a t   t h e   c o n c e n t r a t e  

had   d e v e l o p e d   " s l u g s "   or  g e l s   w h i c h   e i t h e r   d i d   n o t   p o u r  



r e a d i l y   or   w h i c h   t u m b l e d   o u t   i n   d i s c r e t e   m a s s e s   a l o n g  

w i t h   t h e   l i q u i d .   The  p r e s e n t   i n v e n t i o n   was  d e v e l o p e d  

t o   e l i m i n a t e   t h i s   g e l   f o r m a t i o n .  

In   U . S .   p a t e n t   3 , 3 1 2 , 6 2 2 ,   d a t e d   4 - 4 - 6 7 ,   t h e r e  

i s   d i s c l o s e d   a  c o r r o s i o n   r e s i s t a n t   g l y c o l   c o m p o s i t i o n  

c o n t a i n i n g   an  o r g a n o - s i l i c o n   c o p o l y m e r   h a v i n g   c a r b o x y -  

l a t e   s a l t   g r o u p s   and  s i l i c a t e   g r o u p s .  

In  U . S .   p a t e n t   4 , 1 4 9 , 9 8 5   d a t e d   4 - 1 7 - 7 9 ,   t h e r e  

i s   d i s c l o s e d   t h a t   a  g e l l a t i o n   r e s i s t a n t   g l y c o l   c o m -  

p o s i t i o n   c o n t a i n i n g   b o r a t e   and   s i l i c a t e   a d d i t i v e s   c a n  

be  made  w h e r e i n   t h e   o r d e r   o f   a d d i t i o n   o f   t h e   a d d i t i v e s  

and   t h e   pH  of   t h e . s o l u t i o n   i s   c l o s e l y   c o n t r o l l e d   i n  

o r d e r   t o   o b t a i n   t h e   g e l l a t i o n   r e s i s t a n t   f o r m u l a t i o n .  

In  S e r i a l   No.  9 3 9 , 1 0 0 ,   f i l e d   S e p t e m b e r   1 ,  

1 9 7 8 ,   t h e r e   i s   d i s c l o s e d   t h e . u s e   o f   a  s m a l l   b u t  

e f f e c t i v e   a m o u n t   of   t h e   h y d r o l y z a t e   o f   o r g a n o  

p h o s p h o r o u s   s i l i c o n   c o m p o u n d s   t o   i n h i b i t   t h e   g e l l a t i o n  

o f   g l y c o l   c o m p o s i t i o n s   t h e s e   s i l i c o n   c o m p o u n d s   h a v e   t h e  

f o r m u l a :  

w h e r e i n   R  i s   an  a l k y l   g r o u p   o f   1 - 4   c a r b o n s  

and  n  i s   an  i n t e g e r   o f   1 - 4 .  

W h i l e   t h e s e   h y d r o l y z a t e   c o m p o u n d s   h a v e   p r o v e d  

t o   be  e f f e c t i v e   t h e y   a r e   e x p e n s i v e   a n d / o r   d i f f i c u l t   t o  

o b t a i n .  

I t   h a s   now  b e e n   d i s c o v e r e d   t h a t   t h e   s h e l f  

l i f e   o r   g e l l a t i o n   r e s i s t a n c e   o f   s i n g l e   p h a s e   a q u e o u s  

g l y c o l   o r   g l y c o l   e t h e r   c o m p o s i t i o n s   can   be  i m p r o v e d   b y  



t h e   a d d i t i o n   to  t h e   g l y c o l   c o m p o s i t i o n s   of   a  s m a l l   b u t  

e f f e c t i v e   a m o u n t   of   a  g l y c o l   s o l u b l e   e t h e r   m o d i f i e d  

s i l i c o n e   h a v i n g   t h e   r e p e a t i n g   u n i t s  

w h e r e i n   x  has   an  a v e r a g e   v a l u e   r a n g e  
f r o m   1 .8   to   6 . 8  

Y  h a s   an  a v e r a g e   v a l u e   r a n g e  

f rom  1  t o  4  

Z  h a s   t h e   f o r m u l a  

- R ( C n H 2 n O ) m R 1  

w h e r e   n  i s   2  or   3 

m  h a s   an  a v e r a g e   v a l u e   s u c h   t h a t  

t h e   a v e r a g e   m o l e c u l a r   w e i g h t  

of   t h e   p o l y o x y a l k y l e n e   c h a i n  

i s   i n   t h e   r a n g e   1 0 0 - 4 0 0  

R  i s   an  a l k y l e n e   c h a i n   of   2 - 4  

c a r b o n s   a n d  

R1  i s   s e l e c t e d   f r o m   t h e   g r o u p  

c o n s i s t i n g   of   h y d r o g e n   a n d  

a l k y l   g r o u p s   of   1-4   c a r b o n s  

T h i s   a n t i - g e l l a t i o n   a d d i t i v e   i s   r e l a t i v e l y  

c h e a p   and  e f f e c t i v e   in   t h e   p r e s e n c e   of   t h e   o t h e r   w e l l -  

known  c o r r o s i o n   i n h i b i t o r s   g e n e r a l l y   p r e s e n t   in   s u c h  

c o m p o s i t i o n s   s u c h   as  a l k a l i   m e t a l   s i l i c a t e s ,   b o r a t e s ,  

t o l y l t r i a z o l e s ,   m e r c a p t o b e n z o t r i a z o l e s ,   n i t r a t e s ,  

n i t r i t e s ,   p h o s p h a t e s ,   b e n z o a t e s   and  t h e   l i k e .  

The  p r e s e n t   i n v e n t i o n   i s   a  a q u e o u s   c o m p o s i t i o n  

c o m p r i s i n g  



(A)  85  to   98  p e r c e n t   by  w e i g h t   o f   a n  

a l k y l e n e   g l y c o l ,   an  a l k y l e n e   g l y c o l  

e t h e r ,   o r   m i x t u r e s   t h e r e o f ,  

(B)  an  e f f e c t i v e   a m o u n t   to   r e d u c e   c o r r o s i o n  

o f   an  a l k a l i   m e t a l   s i l i c a t e ,  

(C)   an  e f f e c t i v e   a m o u n t   to   i m p r o v e   g e l l a t i o n  

r e s i s t a n c e   o f   a  g l y c o l   s o l u b l e   e t h e r  

m o d i f i e d   s i l i c o n e   c o p o l y m e r   c o m p r i s i n g  

t h e   r e p e a t i n g   u n i t s  

w h e r e i n  x  h a s   an  a v e r a g e   v a l u e   r a n g e  

f r o m   1 . 8   t o   6 . 8  

Y  h a s   an  a v e r a g e   v a l u e   r a n g e  
f r o m   1  t o   4  

Z  h a s   t h e   f o r m u l a  

w h e r e   n  i s   2  o r   3 

m  h a s   an  a v e r a g e   v a l u e   s u c h   t h a t  

t h e   a v e r a g e   m o l e c u l a r   w e i g h t  

o f   t h e   p o l y o x y a l k y l e n e   c h a i n  

i s   i n   t h e   r a n g e   1 0 0 - 4 0 0  

R  i s   an  a l k y l e n e   c h a i n   o f   2 - 4  

c a r b o n s  

R   i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   o f   h y d r o g e n   a n d  

a l k y l   g r o u p s   of  1 - 4   c a r b o n s ,  

a n d  

(E)  t h e   r e m a i n d e r   b e i n g   w a t e r   and   an  e f -  

f e c t i v e   a m o u n t   o f   one   or  m o r e   o t h e r   c o r -  

r o s i o n   i n h i b i t o r s .  



The  g l y c o l s   and   g l y c o l   e t h e r s   w h i c h   can   b e  

u s e d   i n   t h e   p r e s e n t   c o m p o s i t i o n   a r e   (1)   g l y c o l s   s u c h   a s  

e t h y l e n e   g l y c o l , '  d i e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,  

d i p r o p y l e n e   g l y c o l ,   (2)   g l y c o l   m o n o e t h e r s   s u c h   as  t h e  

m e t h y l ,   e t h y l   p r o p y l   and   b u t y l   e t h e r   of   e t h y l e n e  

g l y c o l ,   d i e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l   a n d  

d i p r o p y l e n e   g l y c o l ,   and  (3)   g l y c o l   d i e t h e r s   s u c h   as  t h e  

m e t h y l   and   e t h y l   d i e t h e r s   of   e t h y l e n e   g l y c o l ,  

d i e t h y l e n e   g l y c o l ,   and  d i p r o p y l e n e   g l y c o l .  

E t h y l e n e   g l y c o l   and  t h e   m o n o m e t h y l   e t h e r   o f  

p r o p y l e n e   g l y c o l ,   i . e . ,   m e t h o x y   p r o p a n o l   a r e   p a r -  

t i c u l a r l y   p r e f e r r e d .  

The  f o l l o w i n g   a r e   e x a m p l e s   of   known  c o r r o s i o n  

i n h i b i t o r s   and  a d d i t i v e s   w h i c h   can   be  u s e d   in   t h e  

p r e s e n t   i n v e n t i o n .  

A l k a l i   m e t a l   s i l i c a t e s   s u c h   as  s o d i u m   m e t a -  

s i l i c a t e ,   p o t a s s i u m   m e t a s i l i c a t e ,   l i t h i u m   m e t a s i l i c a t e ,  

and   t h e   l i k e .  

A l k a l i   m e t a l   b o r a t e s   s u c h   as  s o d i u m   t e t r a -  

b o r a t e ,   p o t a s s i u m   t e t r a b o r a t e ,   s o d i u m   m e t a b o r a t e ,   a n d  

p o t a s s i u m   m e t a b o r a t e .  

A l k a l i   m e t a l   m e r c a p t o b e n z o t r i a z o l e s ,   a n d  

a l k a l i   m e t a l   t o l y l t r i a z o l e s .  

A l k a l i   m e t a l   n i t r a t e s   s u c h   as  s o d i u m   n i t r a t e ,  

p o t a s s i u m   n i t r a t e ,   and  a l k a l i   m e t a l   n i t r i t e s   s u c h   a s  

p o t a s s i u m   and  s o d i u m   n i t r i t e .  



A l k a l i   m e t a l   p h o s p h a t e s   s u c h   as  s o d i u m  

p h o s p h a t e   and   p o t a s s i u m   p h o s p h a t e ,   a l k a l i   m e t a l  

b e n z o a t e s ,   and  v a r i o u s   a n t i f o a m s   a n d  d y e s   i f   d e s i r e d .  

In   t h e   p r o c e s s   o f   m a k i n g   t h e   c o m p o s i t i o n s   o f  

t h i s   i n v e n t i o n ,   one   o r   m o r e   o f   t h e   a b o v e   g l y c o l s   a r e  

m i x e d   w i t h   one  o f   t h e   a b o v e   n o n - s i l i c a t e   c o r r o s i o n  

i n h i b i t o r s   and  s u f f i c i e n t   a m o u n t s   o f   o t h e r   i n h i b i t o r s  

s u c h   as  m e r c a p t o b e n z o t h i a z o l e s ,   t o l y l t r i a z o l e s ,   n i t r a t e s ,  

and   p h o s p h a t e   i n h i b i t o r s   n e c e s s a r y   f o r   c o r r o s i o n   p r o -  

t e c t i o n .   An  e f f e c t i v e   a m o u n t   o f   t h e   a b o v e   s i l i c o n e   i s  

a d d e d   n e x t .   The  pH  o f   t h e   s o l u t i o n   i s   t h e n   a d j u s t e d   t o  

t h e   d e s i r e d   pH  r a n g e   o f   7 - 1 2 ,   and   p r e f e r a b l y   9 - 1 1 . 0 ,   b y  

a d d i n g   a  b a s i c   i n o r g a n i c   c o m p o u n d   i n   a q u e o u s   s o l u t i o n  

s u c h   as  an  a l k a l i   m e t a l   h y d r o x i d e ,   c a r b o n a t e ,   o r  

p h o s p h a t e .   One  o f   t h e   a b o v e   a l k a l i   m e t a l   s i l i c a t e s   i s  

t h e n   a d d e d   to   p r o d u c e   a  c o r r o s i o n   and   g e l l a t i o n  

r e s i s t a n t   g l y c o l   c o m p o s i t i o n .  

F o r   t h e   p u r p o s e s   o f   t h i s   i n v e n t i o n ,   a n  
e f f e c t i v e   a m o u n t   o f   t h e   s i l i c o n e   w h i c h   w i l l   g i v e   a  

g e l l a t i o n   r e s i s t a n t   g l y c o l   c o m p o s i t i o n   is   an  a m o u n t  

r a n g i n g   f r o m   a b o u t   0 . 0 0 1   t o   a b o u t   1 . 0   p e r c e n t   by  w e i g h t  

and   p r e f e r r a b l y   i n   t h e   r a n g e   f rom  0 . 0 1   to  0 . 0 2 5   p e r c e n t  

by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   o f   t he   c o m p o s i t i o n .  

The  u s e   of   t h e   a b o v e   c o r r o s i o n   i n h i b i t o r s  

when   u s e d   i n   a  c o r r o s i o n   i n h i b i t i n g   a m o u n t   i s   w e l l  

known  i n   t h e   p r i o r   a r t .   Of  c o u r s e ,   t h i s   a m o u n t   w i l l  

v a r y   f o r   e a c h   i n h i b i t o r   b u t   i n   g e n e r a l   t h e   a m o u n t s   u s e d  

f o r   t h e   s i l i c a t e s   and   b o r a t e s   a r e :  

0 . 0 2 5   to   1 . 0   p e r c e n t   by  w e i g h t   b a s e d   on  t h e  

t o t a l   s o l u t i o n   w e i g h t   o f   s i l i c a t e s   and  0 . 1   to   2 . 0  



p e r c e n t   by  w e i g h t   of   b o r a t e s .   P r e f e r r a b l y ,   t h e s e  

r a n g e s   a r e   0 . 0 5   to   0 . 5 0   p e r c e n t   f o r   t h e   s i l i c a t e s  

and  0 . 5   to   1 .5   p e r c e n t   f o r   t h e   b o r a t e s .  

In  t h i s   i n v e n t i o n ,   i t   h a s   b e e n   f o u n d   t h a t  

when   t h e   b o r a t e   l e v e l s   a r e   a t   t h e   h i g h e r   end  of   t h e  

d e s i r e d   r a n g e   ( 0 . 5   to  2 . 0   p e r c e n t   by  w e i g h t ) ,   t h e  

a m o u n t   of   s i l i c a t e   t h a t   can   be  a d d e d   m u s t   be  i n   t h e  

l o w e r   end  o f   t h e   d e s i r e d   r a n g e   of   s i l i c a t e   l e v e l   ( 0 . 0 2 5  

t o  0 . 3   p e r c e n t   by  w e i g h t ) .   I t   i s   n o t   p o s s i b l e   to   s e t  

f o r t h   e x a c t l y   t h e   a m o u n t   of   s i l i c a t e   to  be  u s e d   in   e a c h  

i n s t a n c e   due  to   t h e   c o m p l i c a t i n g   i n f l u e n c e   of   t h e   o t h e r  

c o r r o s i o n   i n h i b i t o r s   s u c h   as  t h e   a f o r e m e n t i o n e d   t r i -  

a z o l e s ,   n i t r a t e s ,   n i t r i t e s ,   and  p h o s p h a t e s .   H o w e v e r ,  

one   can   by  a  s i m p l e   a c c e l e r a t e d   a g i n g   t e s t   d e t e r m i n e  

t h e   a m o u n t   of   s i l i c a t e   w h i c h   when  a d d e d   w i l l   g i v e   t h e  

d e s i r e d   g e l l a t i o n   r e s i s t a n c e .  

An  a c c e l e r a t e d   a g i n g   t e s t   was  u s e d   in   t h e  

e x a m p l e s   and  c o n t r o l s   t h a t   f o l l o w   to  e s t i m a t e   t h e   s h e l f  

l i f e   of   t h e   c o m p o s i t i o n s .   I t   was  p e r f o r m e d   by  p l a c i n g  

a  s a m p l e   of   t h e   g l y c o l   c o m p o s i t i o n   in   an  o v e n   c o n -  

t r o l l e d   a t   1 5 0 ° F   ( 6 6 ° C )   and  m e a s u r i n g   the   n u m b e r   o f  

h o u r s   or  d a y s  b e f o r e   t h e   c o m p o s i t i o n   b e g i n s   to  g e l .   B y  

c o m p a r i n g   t h e   room  t e m p e r a t u r e   ( 2 5 ° C )  a g i n g  o f   t h e   s a m e  

s a m p l e s ,   i t   has   b e e n   f o u n d   t h a t   one  day  a t   1506F   ( 6 6 ° C )  

i s   a p p r o x i m a t e l y   e q u a l   to   one  m o n t h   a t   room  t e m p e r a t u r e  

( 7 7 ° F  o r   2 5 ° C ) .  

The  s i l i c o n e   c o m p o u n d s   u s e d   h e r e i n   c an   b e  

p r e p a r e d   by  r e a c t i n g   a  p o l y   ( d i m e t h y l )   s i l o x a n e  h a v i n g  

an  a v e r a g e   m o l e c u l a r   w e i g h t   of   200  to   500  and  an  a v e r a g e  
of   two  or   more  s i l i c o n   b o n d e d   h y d r o g e n   a toms   w i t h   a n  

a l k y l e n e   c a p p e d   g l y c o l   or   g l y c o l   or  e t h e r   h a v i n g   t h e  

f o r m u l a  



w h e r e   p  i s   1  o r   2 

n  i s   2  o r   3 

m  h a s   an  a v e r a g e   v a l u e   s u c h   t h a t   t h e  

a v e r a g e   m o l e c u l a r   w e i g h t   o f   t h e   p o l y -  

o x y a l k y l e n e   c h a i n   i s   i n   t h e   r a n g e  

1 0 0 - 4 0 0  

R1  i s   h y d r o g e n   or   a l k y l   g r o u p s   o f   1 - 4  

c a r b o n s .  

The  r e a c t i o n   i s   w e l l   known  f r o m   U . S .   p a t e n t s  

3 , 1 7 9 , 6 2 2   d a t e d   4 - 2 0 - 6 5 ;   2 , 8 4 6 , 4 5 3   d a t e d   8 - 5 - 5 8   a n d  

B r i t i s h   p a t e n t   9 5 5 , 9 1 6   d a t e d   4 - 2 2 - 6 4 .   The  r e a c t i o n   i s  

i l l u s t r a t e d   by  t h e   p r e p a r t i o n s   1 - 4   h e r e i n a f t e r   s e t  

f o r t h .  

The  i n v e n t i o n   i s   f u r t h e r   i l l u s t r a t e d   b u t   n o t  

l i m i t e d   by  t h e   f o l l o w i n g   e x a m p l e s   and   c o n t r o l s :  

CONTROL  1 

S o d i u m   m e t a b o r a t e   N a 2 B 4 O 7 " 5 H 2 O   ( 1 3 . 0   g)  w a s  

a d d e d   to   960  g  o f   e t h y l e n e   g l y c o l   a n d  s t i r r e d   u n t i l  

d i s s o l u t i o n   was  c o m p l e t e .   A  33  1 /3%  a q u e o u s   N a N 0 3  
s o l u t i o n   ( 6 . 0   g)  was  a d d e d   and   s t i r r e d   u n t i l   w e l l  

d i s p e r s e d ,   f o l l o w e d   by  2  gms  o f   a  50%  a q u e o u s   s o l u t i o n  

o f   s o d i u m   t o l y l t r i a z o l e .   The  pH  o f   t h e   s o l u t i o n   w a s  
t h e n   a d j u s t e d   w i t h   a q u e o u s   c a u s t i c   to  8 . 4 5   and  10  g m s  
o f   a  10%  a q u e o u s   s o l u t i o n   o f   s o d i u m   m e t a s i l i c a t e   p e n t a -  

h y d r a t e   ( N a 2 S i O 3 " 5 H 2 O )   was  a d d e d   w i t h   s t i r r i n g   d u r i n g   a  

2  m i n u t e   a d d i t i o n   t i m e .   The  f i n a l   pH  of   t h e   a n t i f r e e z e  

s o l u t i o n   was  1 0 . 0   and  i t   c o n t a i n e d   1 .3%  s o d i u m   m e t a -  

b o r a t e   p e n t a h y d r a t e   and  0 .1%  s o d i u m   m e t a s i l i c a t e  



p e n t a h y d r a t c .   The  s o l u t i o n   p r e p a r e d   in   t h i s   m a n n e r   w a s  

f o u n d   to   h a v e   a  s h e l f   l i f e   as  d e t e r m i n e d   by  t h e   a b o v e  

a c c e l e r a t e d   a g i n g   t e s t   of   a b o u t   7 - 1 0   d a y s   w h i c h   i s  

e q u i v a l e n t   to   a b o u t   7 - 1 0   m o n t h s   a t   room  t e m p e r a t u r e  

( 2 4 ° C ) .  

EXAMPLE  1 

The  p r o c e d u r e   d e s c r i b e d   in   C o n t r o l   1  w a s  

r e p e a t e d   e x c e p t   t h a t   j u s t   b e f o r e   t h e   pH  of   t h e   s o l u t i o n  

w a s  a d j u s t e d   to   8 . 4 5 ,   100  p a r t s   p e r   m i l l i o n   o f   d i m e t h y l  

s i l i c o n e   m o d i f i e d   w i t h   t h e   a l l y l   m e t h y l   e t h e r   o f   d i p r o p y -  

l e n e   g l y c o l   was  a d d e d .   The  m o d i f i e d   s i l i c o n e   was  m a d e  

by  p r e p a r a t i o n   1  h e r e i n a f t e r .  

The  s o l u t i o n   was  f o u n d   to   h a v e   a  s h e l f   l i f e  

o f   180  d a y s   by  t h e   a b o v e   a g i n g   t e s t   w h i c h   i s   e q u i v a l e n t  

to   a b o u t   180  m o n t h s   a t  r o o m   t e m p e r a t u r e .  

In  o r d e r   to   c o m p a r e   t h e   c o r r o s i o n   p r o p e r t i e s  

of   t h e   a b o v e   f o r m u l a t i o n s ,   t h e   f o l l o w i n g   t e s t s   w e r e   r u n  

and  r e p o r t e d   in   T a b l e   I .  

The  c o r r o s i o n   t e s t   d a t a   was  o b t a i n e d   by  t h e  

use   of   ASTM  D 1 3 8 4 - 7 0 ,   C o r r o s i o n   T e s t   f o r   E n g i n e   C o o l a n t s  

i n   G l a s s w a r e .   In  t h i s   m e t h o d ,   s p e c i m e n s   o f   m e t a l s  

t y p i c a l   o f   t h o s e   p r e s e n t   in   a u t o m o t i v e   c o o l i n g   s y s t e m s  

a r e   t o t a l l y   i m m e r s e d   in   t h e   t e s t   a n t i f r e e z e   s o l u t i o n  

w i t h   a e r a t i o n   f o r   336  h o u r s   a t   1 9 0 ° F   ( 8 8 ° C ) .   T h e  

c o r r o s i o n   i n h i b i t i v e   p r o p e r t i e s   a r e   e v a l u a t e d   on  t h e  

b a s i s   o f   t h e   w e i g h t   c h a n g e s   i n c u r r e d   by  the   s p e c i m e n s .  

E a c h   t e s t  i s   run   in   d u p l i c a t e   and  t h e   a v e r a g e   w e i g h t  

c h a n g e   i s   d e t e r m i n e d   f o r   e a c h   m e t a l .   A c c e p t a b l e   m i n i -  

mum  w e i g h t   l o s s e s   a r e   t h o s e   l e s s   t h a n   20  m i l l i g r a m s .  



S u b s t a n t i a l l y ,   t h e   same  r e s u l t s   w e r e   o b t a i n e d  

w h e n   t h e   m o d i f i e d   s i l i c o n e   was  a d d e d   w i t h   t h e   s o d i u m  

s i l i c a t e   s o l u t i o n .  

From  t h e   a b o v e   d a t a   i s   s e e n   t h a t   w h i l e   t h e  

c o r r o s i o n   p r o p e r t i e s   o f   t h e   c o n t r o l   and   E x a m p l e   1  a r e  

a b o u t   t h e   s ame ,   t h e   s h e l f   l i f e   o f   E x a m p l e   1  i s   a t   l e a s t  

a b o u t   18  t i m e s   l o n g e r   t h a n   t h e   c o n t r o l .  

CONTROL  2 

The  p r o c e d u r e   o f   c o n t r o l   1  was  r e p e a t e d  

e x c e p t   t h a t   t h e   pH  was  f i r s t   a d j u s t e d   to  9 . 5 ,   t h e n   2 0  

g r a m s   o f   a  10%  a q u e o u s   s o l u t i o n   o f   s o d i u m   m e t a s i l i c a t e  

p e n t a h y d r a t e   was  a d d e d   to  g i v e   a  0 .2%  s o l u t i o n   o f   t h e  

s i l i c a t e ,   and  t h e   f i n a l   pH  was  a d j u s t e d   to  1 1 . 0 .  



B e c a u s e   o f   t h e   h i g h e r   s i l i c a t e   l e v e l ,   t h i s   f o r m u l a t i o n  

was  f o u n d   to   h a v e   an  e s t i m a t e d   s h e l f   l i f e   o f   14  m o n t h s .  

EXAMPLE  2 

The  p r o c e d u r e   o f   C o n t r o l   2  was  r e p e a t e d   w i t h  

t h e   a d d i t i o n   o f   100  p . p . m .   o f   t h e   m o d i f i e d   s i l i c o n e  

u s e d   in   E x a m p l e   1  to   g i v e   a  s o l u t i o n   c o n t a i n i n g   0 . 2 %  

s o d i u m   s i l i c a t e   and  0 . 0 1 %  o f   t h e   s i l i c o n e .   The  e s -  

t i m a t e d   s h e l f   l i f e   o f   t h i s   f o r m u l a t i o n   was  90  m o n t h s .  

T a b l e   II   s h o w s   t h e   c o r r o s i o n   t e s t   d a t a   o b -  

t a i n e d   f o r   C o n t r o l s   1,  2,  and  E x a m p l e   2  by  t h e   u s e   o f  

ASTM  D 2 5 7 0 - 7 3 ,   S t a n d a r d   M e t h o d   f o r   S i m u l a t e d   s e r v i c e  

C o r r o s i o n   T e s t i n g   o f   E n g i n e   C o o l a n t s .   In  t h i s   m e t h o d ,  

an  e n g i n e   c o o l a n t   i s   c i r c u l a t e d   f o r   1064  h o u r s   a t   1 9 0 ° F  

( 8 8 ° C )   a t   30  to   35  g a l . / m i n .   ( 1 3 5 - 1 6 0   1 / m i n )   i n   a  f l o w  

l o o p   c o n s i s t i n g   o f   a  m e t a l   r e s e r v o i r ,   an  a u t o m o t i v e  

c o o l a n t   pump,  an  a u t o m o t i v e   r a d i a t o r ,   and  c o n n e c t i n g  

r u b b e r   h o s e s .   T e s t   s p e c i m e n s   r e p r e s e n t a t i v e   o f   e n g i n e  

c o o l i n g   s y s t e m   m e t a l s   a r e   m o u n t e d   i n s i d e   t h e   r e s e r v o i r ,  

w h i c h   s i m u l a t e s   an  e n g i n e   c y l i n d e r   b l o c k .   At  t h e   e n d  

o f   t h e   t e s t   p e r i o d ,   t h e   c o r r o s i o n   i n h i b i t i n g   p r o p e r t i e s  

of   t h e   c o o l a n t   a r e   d e t e r m i n e d   by  m e a s u r i n g   t h e   w e i g h t  

.  l o s s e s   of   t h e   t e s t   s p e c i m e n s   and  by  v i s u a l   e x a m i n a t i o n  

o f   t h e   i n t e r i o r   s u r f a c e s   of   t h e   c o m p o n e n t s .  



T h e   c o r r o s i o n   t e s t   d a t a   o f   T a b l e   II   s h o w s   t h e  

i m p r o v e m e n t   in   c o r r o s i o n   i n h i b i t i n g  p r o p e r t i e s   when  t h e  

a m o u n t   o f   Na2S iO3  "5H2O  in   C o n t r o l   1  i s   i n c r e a s e d   t o  



0 . 2 % .   H o w e v e r ,   in   o r d e r   to  p r e v e n t   g e l l a t i o n   on  a g i n g  

a t   t h e   0 .2%  s i l i c a t e   l e v e l   t h e   e t h e r   m o d i f i e d   s i l i c o n e  

m u s t   be  u s e d   as  a  s t a b i l i z e r   as  shown  in  E x a m p l e   2 .  

p r e p a r a t i o n   1 

I n t o   a  500  ml  f l a s k   was  a d d e d   50  gms  o f   t h e  

a l l y l   m o n o e t h e r   of   d i p r o p y l e n e   g l y c o l ,   5 1 . 1   gms  o f   a  

p o l y d i m e t h y l   s i l o x a n e   h a v i n g   an  a v e r a g e   o f   two  h y d r o g e n  

s i l o x a n e   g r o u p s   and  h a v i n g   a  m o l e c u l a r   w e i g h t   o f   3 5 6 ,  

1 2 5  g m s   o f   t o l u e n e   and  1 . 1   gms  of   a  2  p e r c e n t   s o l u t i o n  

of   H 2 P t C l 2  " 6 H 2 O   in  i s o p r o p a n o l .   The  m i x t u r e   was  s t i r r e d  

and  h e a t e d   u n d e r   r e f l u x   s l o w l y .   At  6 0 - 6 5 6 C   an  e x o t h e r m  

t o o k   p l a c e   w h i c h   r a i s e d   t h e   t e m p e r a t u r e   to   1 1 0 ° C .   T h e  

s o l u t i o n   was  h e a t e d   a t   1 0 6 - 1 0 8 ° C   f o r   2 .5   h o u r s   u n d e r  

r e f l u x   c o n d i t i o n s .   The  p r o d u c t   was  r e c o v e r e d   by  v a c u u m  

s t r i p p i n g   a t   6 0 ° C .   The  p r o d u c t   was  i d e n t i f i e d   a s  

d i m e t h y l s i l i c o n e   m o d i f i e d   by  t h e   a l l y l   e t h e r   o f  

d i p r o p y l e n e   g l y c o l .  

p r e p a r a t i o n   2 

The  p r o c e d u r e   of   p r e p a r a t i o n   1  was  r e p e a t e d  

u s i n g   60  gms  of   t h e   a l l y l   m o n o e t h e r   of   t r i p r o p y l e n e  

g l y c o l ,   46  gms  of   t h e   a b o v e   s i l o x a n e ,   and  1 .1   gms  o f  

t h e   c h l o r o p l a t i n i c   a c i d   s o l u t i o n .   The  p r o d u c t   w a s  

i d e n t i f i e d   as  d i m e t h y l   s i l i c o n e   m o d i f i e d   by  t h e   a l l y l  

e t h e r   of   t r i p r o p y l e n e   g l y c o l .  

P r e p a r a t i o n   3 

The  p r o c e d u r e   of   p r e p a r a t i c n   1  was  r e p e a t e d  

u s i n g   65  gms  o f   t h e   a l l y l   m o n o e t h e r   of  t e t r a p r o p y l e n e  

g l y c o l ,   3 9 . 9   gms  of  t h e   a b o v e   s i l o x a n e ,   and  1 . 1   gms  o f  

t h e   c h l o r o p l a t i n i c   a c i d   s o l u t i o n .   The  p r o d u c t   w a s  

i d e n t i f i e d   as  d i m e t h y l   s i l i c o n e   m o d i f i e d   by  t h e   a l l y l  

e t h e r   of   t e t r a p r o p y l e n e   g l y c o l .  



p r e p a r a t i o n   4  

The  p r o c e d u r e   o f   p r e p a r a t i o n   1  was  r e p e a t e d  

u s i n g   75  gms  o f   t h e   a l l y l   m o n o e t h e r   o f   d e c a e t h y l e n e  

g l y c o l ,   2 6 . 7   gms  o f   t h e   a b o v e   s i l o x a n e ,   a n d   1 . 1   gms  o f  

t h e   c h l o r o p l a t i n i c   a c i d .   The  p r o d u c t   was  i d e n t i f i e d   a s  

d i m e t h y l   s i l i c o n e   m o d i f i e d   by  t h e   a l l y l   e t h e r   o f  

d e c a e t h y l e n e   g l y c o l .  

EXAMPLE  3 

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   i n  

t r i p l i c a t e   u s i n g   100  ppm  of   t h e   d i m e t h y l   s i l i c o n e  

m o d i f i e d   by  t h e   m o n o a l l y l   e t h e r   of   d i p r o p y l e n e   g l y c o l  

( p r e p a r a t i o n   1 ) .  

The  t h r e e   s o l u t i o n s   w e r e   f o u n d   t o   h a v e   a n  

e s t i m a t e d   s h e l f   l i f e   a t   room  t e m p e r a t u r e   o f   30  m o n t h s  

max imum  and   25  m o n t h s   m i n i m u m .  

EXAMPLE  4  

The  p r o c e d u r e   o f   E x a m p l e   2  was  r e p e a t e d   i n  

t r i p l i c a t e   w i t h   100  ppm  of   t h e   d i m e t h y l   s i l i c o n e   m o d i -  

f i e d   by  t h e   m o n o a l l y l   e t h e r   of   t r i p r o p y l e n e   g l y c o l  

( p r e p a r a t i o n   2 ) .   The  e s t i m a t e d   s h e l f   l i f e   was  f o u n d   t o  

be  20  m o n t h s   maximum  and   15  m o n t h s   m i n i m u m .  

EXAMPLE  5 

The  p r o c e d u r e   o f   E x a m p l e   2  w a s  r e p e a t e d   i n  

t r i p l i c a t e   u s i n g   100  ppm  o f   t h e   d i m e t h y l   s i l i c c n e  

m o d i f i e d   by  t h e   m o n o a l l y l   e t h e r   of   t e t r a p r o p y l e n e  

g l y c o l   ( p r e p a r a t i o n   3 ) .   The  e s t i m a t e d   s h e l f   l i f e   w a s  
f o u n d   to   be  20  m o n t h s   maximum  and  15  m o n t h s   m i n i m u m .  



EXAMPLE  6 

The  p r o c e d u r e   of   E x a m p l e   2  was  r e p e a t e d   i n  

t r i p l i c a t e   u s i n g   100  ppm  of   t h e   d i m e t h y l   s i l i c o n e  

m o d i f i e d   by  t h e   m o n o a l l y l  e t h e r   of   d e c a e t h y l e n e   g l y c o l  

( p r e p a r a t i o n   4 ) .   The  e s t i m a t e d   s h e l f   l i f e   was  f o u n d   t o  

be  20  m o n t h s   maximum  and  15  m o n t h s   m i n i m u m .  



1.  A  g e l l a t i o n   r e s i s t a n t   a q u e o u s  g l y c o l   c o m p o s i t i o n  

c o m p r i s i n g :  

(A)  85  to   98  p e r c e n t   by  w e i g h t   of   an  a l k y l e n e   g l y c o l ,  

an  a l k y l e n e   g l y c o l ,   an  a l k y l e n e   g l y c o l   e t h e r ,  

o r   m i x t u r e s   t h e r e o f ,  

(B)  an  a m o u n t   e f f e c t i v e   t o   r e d u c e   c o r r o s i o n   of   a n  

a l k a l i   m e t a l   s i l i c a t e ,  

(C)  an  a m o u n t   e f f e c t i v e   to   i m p r o v e   g e l l a t i o n   r e s i s t a n c e  

of   a  g l y c o l   s o l u b l e   e t h e r   m o d i f i e d   s i l i c o n e   c o p o l y m e r  

c o m p r i s i n g   t h e   r e p e a t i n g   u n i t s  

w h e r e i n   x  h a s   an  a v e r a g e   v a l u e   in   t h e   r a n g e   o f  

f r o m   1 .8   to   6 . 8  

y  h a s   an  a v e r a g e   v a l u e   in   t h e   r a n g e   o f  

f r o m   1  to   4 

Z  h a s   t h e   f o r m u l a  



w h e r e   n  i s   2  or  3 

m  h a s   an  a v e r a g e   v a l u e   s u c h   t h a t  

t h e   a v e r a g e   m o l e c u l a r   w e i g h t   of  t h e  

p o l y a x y a l k y l e n e   c h a i n   i s   in  t h e   r a n g e  

of   f r o m   1 0 0  -   4 0 0  

R  i s   an  a l k y l e n e   c h a i n   c o n t a i n i n g   f rom  2  to   4 

c a r b o n   a t o m s   a n d  

R   i s   a  h y d r o g e n   a tom  or   an  a l k y l   g r o u p  

c o n t a i n i n g   1  to   4  c a r b o n   a t o m s  

(E)  t h e   r e m a i n d e r   b e i n g   w a t e r   and  an  e f f e c t i v e  

a m o u n t   of  one  or   more   o t h e r   c o r r o s i o n  

i n h i b i t o r s .  

2.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   1  w h e r e i n   t h e  

a l k y l e n e   g l y c o l   i s   e t h y l e n e   g l y c o l .  

3.  A  c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   1  w h e r e i n   t h e  

a l k y l e n e   g l y c o l   e t h e r   i s   t h e   m o n o m e t h y l   e h t e r  o f   p r o p y l e n e  

g l y c o l .  

4.  A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   a m o u n t   of  s i l i c o n e   c o p o l y m e r   u s e d   i s  

in  t h e   r a n g e   of   f rom  0 . 0 0 1   to   1 .0   p e r c e n t   by  w e i g h t   b a s e d  

on  t h e   t o t a l   w e i g h t   of   t h e   c o m p o s i t i o n .  

5.  A  g e l l a t i o n   r e s i s t a n t   a q u e o u s   g l y c o l   c o m p o s i t i o n  

c o m p r i s i n g :  



(A)  85  to   98  p e r c e n t   by  w e i g h t   of   an  a l k y l e n e   g l y c o l ,  

(B)  an  a m o u n t   e f f e c t i v e   to   r e d u c e   c o r r o s i o n   of  a n  

a l k a l i   m e t a l   b o r a t e ,  

(C)  an  a m o u n t   e f f e c t i v e   to   r e d u c e   c o r r o s i o n   of  an  a l k a l i  

m e t a l   s i l i c a t e ,  

(D)  an  a m o u n t   e f f e c t i v e   t o   i m p r o v e   g e l l a t i o n   r e s i s t a n c e  

of   a  g l y c o l   s o l u b l e   e t h e r   m o d i f i e d   s i l i c o n e   p o l y m e r  

c o p o l y m e r   c o m p r i s i n g   t h e   r e p e a t i n g   u n i t s  

w h e r e i n   x  h a s   an  a v e r a g e   v a l u e   in   t h e   r a n g e   of  f r o m  

1 . 8   to   6 . 8  

y  h a s   an  a v e r a g e   v a l u e   in   t h e   r a n g e   of   f r o m   1  to   4 

Z  h a s   t h e   f o r m u l a  

w h e r e   n  i s   2  o r   3 

m  h a s   an  a v e r a g e   v a l u e   s u c h   t h a t  

t h e   a v e r a g e   m o l e c u l a r   w e i g h t  

of   t h e   p o l y o x y a l k y l e n e   c h a i n   i s  

in   t h e   r a n g e   of  f rom  100  t o   4 0 0  

R  i s   an  a l k y l e n e   c h a i n   c o n t a i n i n g   2  to   4 

c a r b o n   a t o m s   a n d  

R1  i s   a  h y d r o g e n   a t o m   or   an  a l k y l   g r o u p  

c o n t a i n i n g   1  to   4  c a r b o n   a t o m s  



(E)  t h e   r e m a i n d e r   b e i n g   w a t e r .  

6.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e  

a l k y l e n e   g l y c o l   i s   e t h y l e n e   g l y c o l .  

7.  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   5  w h e r e i n   t h e  

a l k y l e n e   g l y c o l   e t h e r   i s   t h e   m o n o m e t h y l   e t h e r   of  p r o p y -  

l e n e   g l y c o l .  

8.  A  c o m p o s i t i o n   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

5  to   7  w h e r e i n   t h e   a m o u n t   of  s i l i c o n e   c o p o l y m e r   i s   in  t h e  

r a n g e s   of  f rom  0 . 0 0 1   to   1 . 0   p e r c e n t   b y  w e i g h t   b a s e d   on  t h e  

t o t a l   w e i g h t   of  t h e   c o m p o s i t i o n .  

9:  A  c o m p o s i t i o n   as  c l a i m e d   in  c l a i m   8  w h e r e i n   t h e  

a m o u n t   of  s i l i c o n e   c o p o l y m e r   i s   in   t h e  r a n g e   of  f rom  0 . 0 1  

to  0 . 0 2 5   p e r c e n t   by  w e i g h t .  

10.   A  c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   5  t o  

8  w h e r e i n   t h e   a m o u n t   of  a l k a l i   m e t a l   b o r a t e   i s   in  t h e   r a n g e  

of  f r o m   0 . 5   to   2 . 0   p e r c e n t   by  w e i g h t   and  t h e   a m o u n t   of  a l k a l i  

m e t a l   s i l i c a t e   i s   in  t h e   r a n g e   of  f rom  0 . 0 2 5   to   1 .0   p e r c e n t  

by  w e i g h t ,   t h e   p e r c e n t a g e s   b e i n g   b a s e d   on  t h e   t o t a l   w e i g h t  

of  t h e   c o m p o s i t i o n s .  
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